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Eugenol Induces a Reactive Oxygen Species-mediated
Apoptosis in HL-60 Human Promyelocytic Leukemia Cells

Uk-Hyun Kil, M.D.", Kee Hyun Lee, M.D.", Kyung-Tae Lee, Ph.D.? and Jong-Youl Jin, M.D."

"Department of Internal Medicine, Holy Family Hospital, College of Medicine,
The Catholic University of Korea, Bucheon, *College of Pharmacy, Kyung Hee University, Seoul, Korea

Background: Eugenol is a major component of the essential oil isolated from Eugenia caryophyllata
(Myrtaceae), and has been widely used as a traditional medicine. In this study, the effects of eugenol
on the cytotoxicity, induction of apoptosis and putative pathways of its actions were investigated in human
promyelocytic leukemia cells (HL-60).

Methods: After applying eugenol to cultured HL-60, the changes in the mitochondrial membrane potential
of the cells were monitored after double staining with propidium iodide and rhodamine 123, with 2’,
7’-dicholorofluorescin diacetate was used to measure of levels of reactive oxygen species (ROS)
Results: Eugenol was shown to be a potent inducer of apoptosis; transducing the apoptotic signal via
ROS generation; thereby, inducing mitochondrial permeability transition (MPT) and cytochrome c release
to the cytosol. The production of ROS, mitochondrial alteration and subsequent apoptotic cell death in
eugenol-treated cells were blocked by the antioxidant, N-acetylcystein (NAC).

Conclusion: Taken together, the present study has demonstrated that eugenol induces ROS-mediated
mitochondrial permeability transition and resultant cytochrome c release. (Korean J Hematol 2005;40:
65-74.)
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1. Al=2

HL-60 (human promyelocytic leukemia), U-937 (hu-
man histocytic lymphoma), HepG2 (human hepatoma),
3LL Lewis (mouse lung carcinoma), SNU-C5 (human

colon cancer) MEZFEL o A EF 23X £
Hko} A}83}th Eugenol®} Methyleugenol-& Tokyo
Chemical Industry Co. (Tokyo, Japan) 288 T3+
t}. RPMI 1640 Hjj A], fetal bovine serum (FBS), #14
A3 ~EHEnlo]AlL& Life Technologies Inc. (Gland
Island, NY, USA)ZXE FU43t¥ L, 3-(4,5-dimethy-
Ithiazol-2-yl)-2,5-diphenyl-tetrazolium-bromide (MTT),
RNase, leupeptin, aprotinin, phenylmethyl-sulfonyl fluo-
ride (PMSF), 4,6-diamidino-2-phenylindole-dihyd roch-
loride (DAPI), reduced glutathione (GSH), 2-vinyl pyri-
dine, N-acetylL-cysteine (NAC), 5,5-dithiobis-2-nitro-
benzoic acid (DTNB)2} oxidized glutathione (GSSG)-&
Sigma Chemical Co. (St. Louis, MO, USA)2] AL A&
399k, B -actin, bel-2, bax, A|EZE ¢ (cytoch rome
), caspase-3¢} caspase-9¢] A= Santa Cruz Biote-
chnology, Inc. (Santa Cruz, CA, USA)9] A& AFE3HS
3, 209 123 (Rhodamin 123)< Molecular Probes
Inc. (Eugen, Oregon, USA)o A4 F+U3FA T

2. MlEZHfet

10% FBS, 100units/mL #| Y&, 100 yg/mL 2=EF)
Evto]lils g3k RPMI 16408 Al o] A7 5 5%
COE FHratH 37°CE FAIste vl g7]olA] vl Fst

AT

=4 = A MTT
£24L Plumb o] 1989130 ol o]ate] dY3ste]
o} o] zheFetA AHekAd 10% FBSE B3 100
L9 RPMI 16408 A o]l g8l Zhzhe] AIE(5x10%)
= 96-well plated]] ©]213}az, 24117k vl F & Hj X 3]
A7 eugenols TS FEE A8l 37°C, 5%
CO, 7)ol A v kst o] & Zof 50, L MTT
£ ¥(5mg/mL stock solution, Sigma)S 7}l 44]
7+ o Wikt Th A5 AS A ASk DMSO 100 yLol
=2 H 540nmolA FFE=E SA3A
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mM EDTA, 0.5% Triton X-100) 2.2 2 &gsle] I&
o] 2087 WA Y. & 23 A5 AL 27,000X g,
2087 AAEE ¥ 459 w2 EEsta AHEol
+ 2mL9] Apo bufferE o] 407 2292 AT
(sonification)3}$3t}. ZF B3 o] DNAZO| A Zt7te] &
ol 1mLol| 10gug/mL DAPI 10y4LE %3, Ex.360,
Em4500| 4 &3S A%t 4 DNAS B
329 DNA &3 454 DNA 49 HIE&=ZA 7
2bst At
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Eugenol®} 3HA| HH oF3t HL-60 A 3E(2.5X10)E 4°C
o A 200X g, 1087+ A4 Eg st B3kt o] AlZ2E
ice-cold PBS (phosphate buffered saline), pH 722 +
H AFH g & O] 587 200X gol| A LA E AT
ANEEY FIHAEL ice-cold cell extraction buffer (20
mM HEPES-KOH, pH 7.5, 10mM KCI, 1.5mM MgCl,,
ImM EDTA, 1mM EGTA, 1mM dithiothreitol, 100 yM
PMSF, protease inhibitor cock tail) & & H-L-o| A 30&
b oA AEAIZY AEE glass dounce®t B-type
pestle (80 strokes)E ©o]&3}e] FA3Ie R, 23}
H A EEL 4°Co A 15,000X g, 1587 AAE 235}
FesAdANEA FB)2 AJES H3l=F 245
A AAS AT AH oz Fe AAE(MEZE= o}
H2)S thA] extraction buffer® eratATh. oF 40 yg
MEZA WAL 15% SDS-polyacry lamide gel £ £
3} 3L, nitroce llulose2 ©] A3 o] dH5ES

monoclonal S-actin, bcl-2, bax, anti-cytochrome ¢,

S‘iﬁ

o #

polyclonal anti-caspase-39} anti-caspase-9 3+A)| S 3} &+
A WA 71 & 9FA ol A enhanced chemiluminescence
(ECL) "} (Amer sham Pharmacia Biotech, UK) 2.2
gelata ZodstA.
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Table 1. Cytotoxic activity of eugenol and methyleu genol on
cancer cell growth

IC50* (M)
Cell line
Eugenol Methyleugenol Cisplatin

u-937 394 89.3 22.0
HL-60 23.7 76.5 17.7
HepG2 118.6 275.9 54.6
3LL Lewis 89.4 >300 36.5
SNU-C5 129.4 >300 27.4

*IC50 is defined as the concentration which results in a 50%
decrease in cell number as compared with that of the control
in the absence of an inhibitor. The values represent the mean
of three independent experiments.
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HL-60 (human promyelocytic leukemia), U-937 (hu-
man histocytic lymphoma), HepG2 (human hepatoma),
3LL Lewis (mouse lung carcinoma), SNU-C5 (human
colon cancer) M EXFE9] 3t eugenol®} methyleu-
genol®] A EZE=AS MTT A4S B =43qdh
Eugenol®] A E38+2¢l a3 A p-OH 7|5< <7 ¢
3}e] methyeugenolS ©|-83t] AH3IATE Eugenol
2 GA o wat 23.7 uMol A 129.4 uM7FA 2] 1Cs
S Bo] FtH(Table 1). ¥HH 9| methyleugenol2] Al
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Fig. 1. Effects of eugenol on the induction of apoptosis and
DNA fragmentation in HL-60 cells. (A) HL-60 cells were
treated with increasing concentrations of eugenol for the
indicated times. The extent (%) of fragmentation was deter-
mined using DAPI as described in Materials and Methods.
Data presented are the means+SD of results from three
independent experiments. 4, 20 M eugenol; W, 40 uM
eugenol; A, 60 uM eugenol; @, 40 M eugenol in the pretr-
eatment of 5mM NAC. (B) HL-60 cells were treated with 40 ¢
M eugenol for the indicated time period in the presence or
absence of 5mM NAC and DNA fragmentation was analyzed
by agarose gel electrophoresis.
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Procaspase 9
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Cytochrome c (cytosol)

Bax (cytosol)

Cytochrome c (cytosol)

Cytochrome ¢ (mitochondria)

Fig. 2. (A) Eugenol caused the cleavage
of procaspase-9 and -3, the releasing of
cytochrome ¢ from mitochondria, accumu-
lation of cytochrome c in cytosol, trans-
location of bax to mitochondria and inhi-
bition of Bcl-2 in mitochondria. HL-60
cells were treated with eugenol (40 uM)
for indicated time points. After treatment,
the cytosolic and mitochondrial fractions
were separated by SDS-PAGE, trans-
ferred onto cellulose membranes, and then
blotted with specific antibodies for cy-
tochrome c, bax, bcl-2, cas pase-9 and
caspase-3 and speci fic antibodies. The
amount of B-actin was measured as an
internal control. (B) Eugenol caused the
accumulation of cytochrome ¢ and trans-
location of bax to mitochondria. HL-60
cells were cultured in the presence or
absence of 5mM NAC for 1h and then 40
#M eugenol was added and incubated
for 8h.
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Fig. 4. Eugenol induces the gener-
ation of ROS. HL-60 cells were cul-
tured in the presence or absence
of 5mM NAC for 1h and then 40M
eugenol was added and incuba-
ted for 2h. DCF fluorescence was
detected by (A) flow cytometry and
(B) fluorescent microscope (x200)
after 1h of eugenol treatment. Data
are representative of three indepen-
dent experiments. (a) con trol (b) 40
1M eugenol for 30min (c) 40 uM
eugenol for 1h (d) 5mM NAC for 1h
and then 40 ¢M eu genol was ad-
ded for 30min.
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Fig. 5. Effects of eugenol on the level of intracellular GSH and protein thiols. Cells were treated with various concentrations
of eugenol for the indicated period and then the level of intracellular GSH (A) and protein thiols (B) were determined. @, control;
& 20 4M; m, 40 uM; A, 60 uM. Data are presented as mean£S.D. of results from three independent experiment.
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